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INTRODUCTION 

Aggregate is derived from two major sources 
in the seven-county area. Surficial deposits of 
sand and gravel, or "natural" aggregate, are the 
primary source. These are deposi ts of rock de
tri tus broken down and sorted by the actions of 
glacial ice and running water. A second and 
increasingly important source is carbonate (lime
stone and dolomite) bedrock, which is converted 
to aggregate by blasting and crushing. 

Because ongoing urban development both re
stricts access to sources of aggregate and re
quires more aggregate for construction, a report 
was published by the Metropolitan Council of the 
Twin Cities area (Schenk and Jouseau, 1983) as an 
aid for industrial and governmental planners 
dealing with the problems of aggregate supply and 
demand. The plates and Appendix A of that report 
summarized the data in this information circular. 

Data Base 

Sources and types of public and nonproprie
tary engineering and geologic data used in this 
study are listed in the Appendix. Some of these 
data are stored in a computer-based storage and 
retrieval system at the Minnesota Geological Sur
vey. Information for each boring or well in
cludes depth intervals and descriptions of the 
materials encountered during drilling, static 
water level, and geographic location. Additional 
information for these and other data sources, 
including quality tests, volume estimates, and 
pit boundaries on gravel-pit test sheets, is 
stored in the paper files at the Minnesota Geo
logical Survey. County soil surveys (Chamber
lain, 1977; Edwards, 1968; Harms, 1959; Hundley, 
1983; Lueth, 1974; and Vinar, 1980) and unpub
lished theses and other field studies on file at 
the Minnesota Geological Survey also were used in 
the preparation of this report. 

Methods 

All of the available subsurface geologic data 
were plotted on standard U.S. Geological Survey 
71/2-minute topographic quadrangle maps. Unit 
boundaries were delineated on the basis of topo
graphic contours, soil series delineations on 
county soil maps, and known exposures. Areas of 
potential aggregate were then classified using 
criteria described below, and their locations 
were digitized and transferred to computer stor
age. Plates 1 and 2, which show the surficial 
and bedrock aggregate resources, were generalized 
from the more detailed maps. 

Deposits deemed to be of sufficient quality 
and quantity to be a source of aggregate were 
redigitized, and their areas were calculated by 
the computer. The area of each deposit was then 
multiplied by an assigned average thickness to 
obtain volume estimates in cubic yards. Follow
ing Hoagberg and Rajaram (1980), in-place den
si ties of 1.5 tons per cubic yard for sand and 

gravel and 2 tons per cubic yard for crushed rock 
were used to convert to short tons, and process
ing losses of 50 percent for sand and gravel and 
25 percent for crushed rock were assumed. 

The estimates given in this report represent 
geologically identified resources. A resource is 
a concentration of naturally occurring material 
in a form and amount such that extraction is at 
least potentially economic. The estimates should 
in no way be considered reserves, which are de
fined as resources that can demonstratively be 
extracted for a profit (U.S. Bureau of Mines and 
U.S. Geological Survey, 1980). 

SAND AND GRAVEL AGGREGATE RESOURCES 

Virtually all of the sand and gravel deposits 
mined for aggregate in the seven-county area were 
laid down during the latter part of the last gla
ciation, the late Wisconsinan, from about 20,000 
to 10,000 years ago. These deposits were trans
ported south by two ice lobes that originated in 
different source areas. Rock types typical of 
the Lake Superior region--basalt, felsite, gab
bro, and graywacke--tend to resist physical and 
chemical breakdown and thus form the highest 
quality gravel. 

A second ice sheet called the Des Moines lobe 
flowed from the northwest via the Red River low
land into Iowa. In the seven-county area, the 
Des Moines lobe picked up and incorporated mater
ial laid down by the Superior lobe. Its depos
its, and especially those of the Grantsburg sub
lobe, are thus a mixture of materials from both 
northeastern and northwestern source areas. The 
dolomi te and shale that they contain break down 
relatively easily, making them less adequate as 
aggregate for some use than deposits of the ear
lier Superior lobe. 

Classification 

The areas of sand and gravel shown on Plate 1 
were mapped by type and origin, and also by the 
following criteria: coarseness, thickness of de
posit, thickness of cover, location of the water 
table, and relative reliability of data. Subsur
face data for categories I and lIon Plate 1 
range from good (deep MnDOT test borings or abun
dant, detailed water-well logs from several 
drillers) to limited (few borings or water-well 
logs, but because soil maps and surficial geology 
imply gravel deposits, good deposits probably are 
available although boundaries 'are uncertain). 
Some areas assigned to category IlIon Plate 1 
probably would meet criteria for categories I or 
II if more data were available. 

Quantity and Quality of Resources 

Tonnage estimates in Table include only 
deposits of categories I and II. They were arbi
trarily assigned an average thickness of 20 feet 
except for a few known deposits. assigned 40 feet. 
At least 30 percent of the aggregate estimated in 



Table 1 is currently unavailable for mining due 
to land-use constraints. 

An indication of the quality of the aggregate 
deposits is provided in Table 2 by data from the 
Los Angeles Rattler (LAR) test, a standard method 
of testing resistance of aggregate to abrasion 
(also known as AASHTO test T 96, ASTM test C 
131) • Coarse aggregate is rotated in a steel 
cylinder with steel balls for a specified time. 
The percentage of fine material abraded from the 
coarse aggregate originally placed in the cylin
der, expressed as percentage of loss, is the LAR 
value; the more resistant or tough the aggregate 
the smaller the LAR value. A higher percentage 
of loss suggests a higher percentage of softer, 
or weathered, or more brittle rock. The LAR test 
is typically performed at three aggregate-size 
ranges: size A, 9.5 mm (3/8 in.) to 37.5 mm 
(1-1/2 in.); size B, 9.5 mm (3/8 in.) to 19.0 mm 
(3/4 in.); and size C, 4.75 mm (1/5 in.) to 9.5 
mm (3/8 in.). 

Another measure of quality is the amount of 
spall material (table 3). This is a term used by 
MnDOT for rock particles, such as shale, iron 
oxide, and unsound chert, that have such detri
mental qualities that they will cause a pop-out 
or spall in hardened concrete or bituminous 
pavement. MnDOT examines rock particles in each 
sample individually and records the amount of 
spall material as a percentage of the total 
weight. 

Several workers have analyzed samples from 
sand and gravel deposits in Dakota and Washington 
Counties. For sand samples from central Dakota 
County, Savina and others (1979, table 2, p. 13) 
found that 16 samples of Des Moines lobe (north
western) outwash contained an average of 2.7 per
cent shale and ranged from no shale to as much as 
12.6 percent; by contrast, 11 Superior lobe 
samples contained an average of 0.03 percent 
shale and ranged from none to 0.2 percent. Re
sults of other pebble counts, as reevaluated and 
modified to conform to current understanding of 
local geological history, are presented in Table 
4. 

Discussion of Units on Plate 1 

Glacial till, the rock debris deposited di
rectly by a glacier, consists of an unsorted mix
ture of material ranging in size from very small 
particles to large boulders. The glacial depos
its shown on Plate 1 as aggregate resources, how
ever, were reworked by meltwater and consequently 
are sorted by size. Of these, outwash deposits 
were laid down by meltwater streams flowing off 
the ice as fan-shaped landforms that coalesce in
to large outwash plains. Ice-contact deposits 
include eskers (sinuous, steep-sided ridges of 
sand and gravel deposited by streams flowing 
within a glacier) and kames (cone-shaped hills of 
sand and gravel deposited in holes in glacial ice 
near the ice front). Stratification (layering) 
of ice-contact deposits is typically irregular. 
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Deposition of sand and gravel also occurred along 
major drainageways as the ice sheets retreated. 
These terrace deposits occur on benches at 
several elevations along the St. Croix and the 
Minnesota-Mississippi Rivers. 

An evaluation of each group of deposits 
mapped on Plate 1 is given below. The letters in 
parentheses refer to map symbols. 

Undifferentiated Deposits (U) 

Deposi ts mapped as undifferentiated are 
chiefly small valley fill deposits in the bedrock 
uplands of Dakota and washington Counties laid 
down during and after the construction of the 
pre-late Wisconsinan Hampton moraine. Very lim
ited subsurface data indicate that these deposits 
are poor in gravel. Others are slopewash and 
slump deposits (colluvium) that occur mainly 
along steep slopes of the Minnesota and Missis
sippi River valleys. 

Pre-Late Wisconsinan Ice-Contact Deposits (PI) 

Ice-contact deposits make up much of the Il
linoian' (Ruhe and Gould, 1954) or early Wiscon
sinan (Wright, 1972) Hampton moraine (fig. 1A on 
plate 1). It forms a prominent east-trending 
ridge in T. 113 N., Rs. 17 and 18 W. in south
central Dakota County, and outliers- occur in 
eastern Dakota and southeastern Washington 
Counties on bedrock uplands. The moraine is com
posed of rock fragments having typical superior 
lobe lithologies of felsite, basalt, gabbro, 
graywacke, and red sandstone. Locally derived 
limestone and dolomite clasts are incorporated in 
the deposits, but are typically leached to a 
depth of 5 to 10 feet (table 4). Weathered or 
"rotten" rocks are common (Savina and others, 
1979; Matsch, 1962), but the drift of the Hampton 
moraine contains essentially no shale. 

In some places this unit is mostly sand, but 
where it is gravelly, the deposit is a poten
tially valuable source of aggregate. Several 
large gravel pits have been opened in southeast
ern Dakota county, and small pits not shown on 
Plate 1 have been opened in Washington County in 
secs. 10, 11, and 15, T. 27 N., R. 20 W. Subsur
face data are in general very limited, but most 
of the remaining gravel resource (table 1) is 
still available for extraction in Dakota County. 

Superior Lobe Ice-Contact Deposits (SI) 

The earlier of the late-Wisconsinan ice 
sheets in the seven-county area advanced from 
the northeast about 20,000 years ago (Wright, 
1972) • The semicircle of prominent hills known 
as the St. Croix moraine (fig. 1B on plate 1) 
accumulated at the margin of this glacier when 
mel ting kept pace with advancing ice for some 
time. Till of this moraine is characteristically 
coarse grained and contains so much sand and 
gravel (Gelineau, 1959) that it is commonly dif
ficul t to distinguish from ice-contact deposits 



Table 1. Estimated tonnage of sand and gravel aggregate resources in the 
seven-county metropolitan area 

[In millions of short tons; * I less than 0.5 million short tons; -, none] 

Deposit Category Deposit Category 
I II I II 

Anoka County 
Minnesota and Scott County 
Mississippi Terraces 3 Minnesota and 

Grantsburg Outwash 40 Mississippi Terraces 176 
Totals 41 3 Des Moines Outwash 7 

Des Moines Ice Contact 35 
Carver County Undifferentiated * 

Minnesota and Totals 218 
Mississippi Terraces 108 

Des Moines Outwash 
Des Moines Ice Contact 29 
Undifferentiated 1 

Totals 138 1 Washington County 
Minnesota and 

Dakota County Mississippi Terraces 179 * 
Minnesota and St. Croix Terraces 219 5 
Mississippi Terraces 24 5 Grantsburg Outwash 22 

Des Moines Outwash 141 394 Grantsburg Ice Contact 3 * 
Des Moines Ice Contact 38 Superior Outwash 784 
Grantsburg Outwash 175 2 Superior Ice Contact 37 
Superior Outwash 1,154 * Pre-Late' Wisconsinan 
Superior Ice Contact 30 Ice Contact 6 
Pre-Late Wisconsinan Totals 1,250 -5-

Ice Contact 87 
Undifferentiated 15 3 

Totals 1,664 404 

Hennepin County 
Minnesota and 
Mississippi Terraces 35 1 

Des Moines outwash 12 3 
Grantsburg OUtwash 209 17 Seven County Area Totals 
Grantsburg Ice Contact 14 Minnesota and 
Superior Ice Contact 36 Mississippi Terraces 525 10 
Undifferentiated 1 St. Croix Terraces 219 5 

Totals 307 -2-1- Des Moines OUtwash 160 398 
Des Moines Ice Contact 102 

Ramsey County Grantsburg Outwash 563 19 
Minnesota and Grantsburg Ice Contact 38 * 
Mississippi Terraces 2 Superior OUtwash 1,955 * 

Grantsburg Outwash 11 7 Superior Ice Contact 107 
Grantsburg Ice Contact 21 * Pre-Late Wisconsinan 
Superior OUtwash 17 Ice Contact 93 
Superior Ice Contact 4 Undifferentiated 17 3 

Totals 161 * Totals 3,779 ~ 
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Table 2. Summary of Los Angeles Rattler (LAR) tests for sand and gravel aggregate 
in the seven-county metropolitan area 

[Source: Minnesota Department of Transportation Gravel pit Sheets on file at MnDOT and 
the Minnesota Geological Survey] 

Deposit 

Anoka County 
Carver County 

Minnesota and 
Mississippi Terraces 

Des Moines Outwash 
Des Moines Ice Contact 

Dakota County 
Minnesota and 
Mississippi Terraces 

Des Moines Outwash 
Central Dakota 
Southern Dakota 

Des Moines Ice Contact 
Grantsburg Outwash 
Superior Outwash 
Superior Ice Contact 
Pre-Late Wisconsinan 

LAR Mean Value 

no test results available 

24.9 
26.9 
25.4 

20.8 

22.8 
25.9 
28.2 
20.0 
20.1 
21.4 

23.7-25.6 
25.1-29.8 

17.6-23.1 

16.3-31.8 
21.8-32.1 

14.9-24.1 
15.6-24.7 
18.7-25.1 

Ice Contact> 26.6 
Hennepin County 

Minnesota and 
Mississippi Terraces 

Des Moines Outwash 
Grantsburg Outwash 
Grantsburg Ice Contact 
Superior Ice Contact 

Ramsey County 
Grantsburg Ice Contact 

Scott County 
Minnesota and 
Mississippi Terraces 

Des Moines Ice Contact 
Washington County 

Minnesota and 
Mississippi Terraces 

St. Croix Terraces 
Grantsburg Outwash 
Superior Outwash 
Northern Washington 
Central Washington 
Southern Washington 

Superior Ice Contact 

24.4 
24.1 
22.7 
21.0 
14.7 

18.0 

23.7 
21.6 

21.7 
17.1 
18.9 

18.1 
19.3 
18.6 
20.3 

22.0-27.2 
21.3-28.5 
15.1-30.5 
18.8-23.0 
10.5-18.8 

13.6-25.6 

16.9-32.2 
14.9-27.3 

21.2-22.2 
13.0-23.8 
15.4-23.5 

14.4-22.9 
14.0-32.0 
16.1-21.1 
15.7-25.8 

No. of Tests 

6 
6 

14 

75 
38 

31 
40 

9 

17 
41 
36 

4 
76 

41 

102 
21 

2 
54 
86 

56 
67 
13 

8 

Grand means and totals for all 7 counties, by deposit 

Minnesota and 
Mississippi Terraces 

st. Croix Terraces 
Des Moines Outwash 
Des Moines Ice Contact 
Grantsburg Outwash 
Grantsburg Ice Contact 
Superior Outwash 
Superior Ice Contact 
Pre-Late Wisconsinan 

23.6 
17 .1 
24.7 
22.6 
20.0 
19.0 
19.1 
17 .8 

Ice Contact 26.6 

All deposits 21.1 

4 

16.9-32.2 
13.0-23.8 
16.3-32.1 
14.9-28.2 
14.9-30.5 
13.6-25.6 
14.0-32.0 
10.5-25.8 

10.5-32.2 

141 
54 

160 
23 

153 
45 

176 
93 

846 

pits Sampled 

3 

8 
7 
1 
2 
8 
4 

2 
9 
4 
2 
7 

4 

11 
8 

1 

6 
11 

8 
8 
3 
3 

16 
6 

27 
10 
17 

6 
27 
14 

124 



Table 3. Summary of spall material content for sand and gravel aggregate in the 
seven-county metropolitan area 

[Numbers in parentheses are the number of samples on which the values (percentage of 
total weight) are based; T, trace amount; -, not counted. Source: Minnesota Department 
of Transportation gravel pit sheets on file at MnDOT and the Minnesota Geological Survey] 

" Unsound pits 
Deposit " Shale " Fe Oxide Chert Sampled 

Anoka County 
Minnesota and , Mississippi Terraces 0.4 (4) 0.2 (4) 2 

Carver County 
Minnesota and 
Mississippi Terraces 3.8 (7) 1.0 (7) 1 

Des Moines Outwash 4.8 (6) 0.6 (6) T (1) 4 
Des Moines Ice Contact 1.4 (3) 0.4 (3) 

Dakota County 
Minnesota and 
Mississippi Terraces 0.2 (6) 0.6 (6) 

Des Moines outwash 1 .1 ( 70) 0.7 (67) 0.1 (11) 16 
Des Moines Ice Contact 2.4 (1) 0.1 (1) 1 
Grantsburg OUtwash T (18) 0.4 ( 18) T (6) 2 
Superior OUtwash T (26) 0.3 (25) 0.0 (7) 8 
Superior Ice Contact 0.1 ( 12) 0.1 (11) T (3) 5 
Pre-Late Wisconsinan 

Ice Contact 0.1 (1) 0.5 ( 1 ) 
Hennepin County 

Minnesota and 
Mississippi Terraces 0.8 (11 ) 0.2 (9) 0.0 (6) 2 

Des Moines OUtwash 3.7 (41) 0.9 (42) T (5) 12 
Des Moines Ice Contact 6.2 (1 ) 0.7 (1) T (1) 1 
Grantsburg OUtwash 1.2 (15) 0.5 ( 16) 5 
Grantsburg Ice Contact 0.1 (3) 0.2 (3) 0.2 (1) 2 
Superior Ice Contact 0.1 (49) 0.1 (47) 0.2 (5) 7 

Ramsey County 
Grantsburg Ice Contact 0.4 (28) 0.4 (28) 4 

Scott County 
Minnesota and 
Mississippi Terraces 1.2 (63) 0.7 (65) 0.1 ( 17) 13 

Des Moines Ice Contact 5.6 (34) 0.9 (24) 0.2 (4) 11 
Washington County 

Minnesota and 
Mississippi Terraces 0.5 (5) 0.3 ( 5) 1 

st. Croix Terraces 0.2 (28) 0.2 ( 24) 0.2 (8) 6 
Grantsburg OUtwash 0.7 (56) 0.2 (59) 0.0 (5) 11 
Superior OUtwash T (86) 0.3 ( 102) T (25) 20 
Superior Ice Contact T (6) 0.3 (6) 3 

Grand means and totals for all 7 counties, by deposit 

Minnesota and 
Mississippi Terraces 1.2 (96) 0.6 (96) 0.1 (23) 20 

st. Croix Terraces 0.2 ( 28) 0.2 (24) 0.2 (8) 6 
Des Moines outwash 2.5 ( 117) 0.7 (115) T ( 17) 32 
Des Moines Ice Contact 5.1 (39) 0.8 (29) 0.1 (5) 14 
Grantsburg OUtwash 0.8 (89) 0.3 (93) 0.0 (11) 18 
Grantsburg Ice Contact 0.3 (31) 0.3 (31) 0.2 (1 ) 6 
Superior OUtwash T ( 112) 0.3 ( 127) T (32) 28 
Superior Ice Contact 0.1 (67) 0.2 (64) 0.1 (8) 15 
Pre-Late Wisconsinan 
Ice Contact 0.1 (1) 0.5 (1) 

All deposits 1.4 (580) 0.5 (580) 0.1 (105) 140 
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Table 4. Summary of pebble lithologies, northern and central Dakota 
and southern Washington Counties 

[Results as percentage of grains in the total sample; each sample about 100 pebbles] 

(1) (2) (3) (4) (5 ) (6) (7) (8 ) (9) (10) 

Minnesota and 
Mississippi 
terraces 

Mean 
Range 
Mean 
Range 

Grand mean 

St. Croix terraces 

Des Moines outwash 

Grantsburg outwash 

Superior outwash 

Mean 

Mean 
Range 

Mean 

Range 

Mean 
Range 
Mean 
Range 
Mean 
Range 

Grand mean 

Superior ice contact Mean 
Range 

Pre-late Wisconsinan Mean 
ice-contact leached Range 

33.6 
13-48 
28.7 
15-41 
31.6 

4.3 
2-10 

4 
0-8 
3.5 

23.0 
17-29 
25.1 
18-31 
23.9 

1.1 
0-2 
2.3 
0-10 
1 .6 

48.8 5.0 16.2 0.0 

27.1 3.0 24.9 2.0 
15-45 1-5 9-31 0-8 

35.1 8.3 22.4 0.0 

15-49 3-25 13-41 

37.1 
26-49 
50.6 
27-68 

7.3 
3-12 
4.0 
0-8 

23.4 
18-35 
19.4 
10-24 

0.0 

0.0 

32.5 2.9 21.9 0.0 
24-43 0-8 13-33 
35.3 4.2 22.1 0.0 

34.7 6.3 19.7 0.0 
26-48 1-14 10-33 

21.2 0.0 

18.5 
0-42 

24.9 
15-33 
21 .1 

14.4 
8-21 
9.0 
4-12 

12.2 

5.4 
3-11 
7.1 
4-10 
6.1 

(3.7) 
(0-8) 

13.0 6.0 11.0 (5.0) 

10 

7 

17 

19.6 14.4 8.8 9 
1-32 6-31 2-14 

11.9 17.0 6.0 22 

0-41 9-29 1-10 

8.1 
0-24 
9.6 
0-28 

1-8.6 
5-29 

15.0 

17.0 
0-43 

0.0 

18.6 
11-27 
8.8 
6-13 

7.3 
3-13 
7.4 
3-16 

15.8 8.0 
6-26 1-15 

16.0 7.8 

16.6 6.1 
8-24 1-10 

(5.0) 
(3-7) 

16 

5 

38 

59 

23 

G 

M 

M 

S 

G 

G 

M 

S 

G 

upper 5 to 10 ft. Mean 

44.6 
37-56 
36.2 
26-47 
40.4 

7.8 
5-11 
9.4 
4-18 
8.6 

7-26 
22.4 
13-38 
21.8 

0.0 0.0 

16.6 
15-18 
16.6 
11-21 
16.6 

10.0 (21.2) 
7-14 (14-30) 

15.0 5 S 
Range 

Grand mean 

Pre-late Wiscon
sinan ice-contact 
unleached 

Mean 
Range 
Mean 
Range 

Grand mean 

32.0 
26-38 
27.7 
25-32 
29.4 

4.0 
0-8 

10.0 
8-12 
7.6 

34.0 
21-47 
19.0 
15-24 
25.0 

0.0 

0.0 

0.0 

0.0 

0.0 

9.5 
4-15 

18.0 
8-26 

14.6 

9.5 
9-10 

17 .3 
15-22 
14.2 

8-23 
12.5 

10.0 
9-11 
8.3 
6-13 
9.0 

(17.0) 
(9-25) 

10 

2 M 

3 S 

5 

(1) Lake Superior region rocks - andesite, anorthosite, basalt, diabase, felsite, gabbro, por
phyry, "red rock," rhyolite, trachyte 
(2) Sandstone - includes only red sandstone and red shale of Matsch; all sandstone of 
either color of Gelineau; red and buff sandstone and shale of Sayina and others 
(3) Granitic rocks - aplite, diorite, gneiss, granite, syenite, vein quartz 
(4) Cretaceous shale 
(5) Carbonate - dolomite and limestone 
(6) Other sedimentary rocks - arkose, chert, graywacke, iron-formation, other sandstone, 
other shale, siltstone/argillite 
(7) Metamorphic rocks - amphibolite, "foliated rocks," greenstone, phyllite, quartzite, 
schist, slate 
(8) Weathered igneous types of Matsch; these percentages were divided proportionately 
between Lake Superior region and granitic rock types and were included in columns 1 and 3 
(9) Number of samples 
(10) Source - G, Gelineau (1959, table 3, p. 18-23); 71 samples from Dakota County. 
M, Matsch (1962, table 2, p. 15); 20 samples from southern Washington County, northeastern 
Dakota County, and northwestern Pierce County, Wisconsin. S, Savina and others (1979, table 1, 
p. 9-12); 55 samples from central Dakota County 
(11) May include one or more samples of unstratified drift. 
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in small exposures. Because of its sandy nature, 
this till was easily reworked by water, and the 
St. Croix moraine contains many deposits of sand 
and gravel, sorted and laid down by streams with
in and below the glacier. 

Several large bodies of sand and gravel have 
been identified at the edge of the moraine where 
meltwater discharge was concentrated. One such 
deposit near Osseo in Hennepin County has been 
extensi vely mined. Aggregate from this deposit 
yields the lowest LAR values and the lowest spall 
counts in the seven-county area. Probably the 
principal reason for the variation in LAR values 
of Superior lobe ice-contact deposits (table 2) 
is variation in amount of locally derived car
bonate clasts. The local presence or absence of 
shale and sandstone fragments (table 4), similar
ly susceptible to abrasion, also may contribute 
to the wide range in LAR values. 

The Osseo deposit and a somewhat similar one 
south of Minnetonka, both buried by a thin layer 
of drift from the Grantsburg sublobe, are prom
inent ice-contact features on the western limb of 
the St. Croix moraine. A kame complex in the 
Woodbury area in T. 28 N., R. 21 W., and a large 
northwest-trending, eskerlike ridge on the north 
side of Big Marine Lake in secs. 21 and 28, T. 32 
N., R. 20 W. are prominent ice-contact features 
on the unburied eastern limb of the moraine in 
Washington County. Deep gravel pits in secs. 7 
and 17, T. 32 N., R. 20 W. probably mine an 
eroded extension of this esker like ridge buried 
under Grantsburg outwash. 

Several areas in the St. Croix moraine con
tain large ice-contact deposits which accumulated, 
at least in part, in ice-walled lakes. When the 
surrounding ice melted, the former lake bottoms 
became the flat to gently sloping tops of large, 
rounded hills. In the central parts of these 
hills, silt overlies thick deposits of fine- to 
medium-grained sand. Gravel is commonly present 
along steep side slopes and may represent a 
source of aggregate. Such features are common in 
Dakota County in T. 27 N., R. 23 W., and in 
Washington County in T. 30 N., R. 21 W. 

Most ice-contact deposits have a tumultuous 
origi"n and are characterized by extremely vari
able textures, both vertically and laterally. 
Consequently, these deposits vary dramatically in 
thickness and quality over relatively short 
distances. 

Most future aggregate production from Super
ior lobe ice-contact deposi ts will come from 
Dakota and Washington Counties due to depletion 
of deposits and urbanization in Hennepin and 
Ramsey Counties. 

superior Lobe Outwash Deposits (SO) 

A vast outwash plain composed of sand and 
gravel borders the south and east side of the St. 
Croix moraine for almost its entire length in 
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Dakota and Washington Counties. Its good qual
ity, large quantity, and the fact that it is 
largely outside the urbanized area make this out
wash the most significant aggregate resource in 
the seven-county area. 

Shale content of the outwash from the 
Superior lobe is negligible (table 3). As with 
the ice-contact deposits, a wide range in locally 
derived limestone and dolomite clasts (table 4) 
probably is largely responsible for the range in 
LAR values. In particular, thick outwash depos
its that surround carbonate bedrock plateaus in 
central Washington County yielded samples that 
have LAR values that range from 14.0 to 32.0 
(table 2). 

Texture wi thin the Superior lobe outwash in 
general tends to coarsen downward, and to become 
finer grained with distance from the St. Croix 
moraine. OUtwash thickness also tends to de
crease away from the moraine, although it is 
qui te variable due both to the irregularity of 
the underlying bedrock surface, and to the local
ly pitted surface topography caused by delayed 
melting of large ice blocks buried in till and 
outwash. Glacial till is commonly present in 
these areas of collapsed topography, but broad 
areas of the outwash plain commonly are underlain 
by more than 50 feet and rarely by more than 100 
feet of sand and gravel. Ponded water left silt 
caps more than 10 feet thick over large areas of 
the sand and gravel mapped as category III in T. 
29 N., R. 20 W.; T. 30 N., Rs. 20 and 21 W.; and 
T. 31 N., R. 21 W. in Washington County. 

Grantsburg Sub lobe Ice-Contact Deposits (GI) 

The last ice sheet, known as the Des Moines 
lobe from its terminus in Iowa, carried rock de
bris from the northwest. A protuberance of this 
lobe overrode the St. Croix moraine west and 
southwest of the TWin Cities and incorporated in 
it material deposited by the late Wisconsinan and 
probably also by earlier advances of the Superior 
lobe. It reached its terminus at Grantsburg, 
Wisconsin about 16,000 years ago (Wright, 1972). 
In this study the term Grantsburg sub lobe is used 
only for the part of the Des Moines lobe that 
passed over the st. Croix moraine. The incorpor
ation of material of northeastern provenance in 
the Grantsburg sublobe produced ice-contact and 
outwash deposits which contain aggregate of good 
to excellent quality. 

Sand and gravel was laid down in the form of 
kames and eskers at the terminus of the Grants
burg glacier, and subsequently behind that ter
minus as the ice receded to the north and west. 
The most prominent Grantsburg sub lobe ice-contact 
feature in the area, named the Arsenal Sand 
(Stone, 1 966), was deposited as an alluvial fan 
complex. Located near New" Brighton, it is the 
only current major source of aggregate in Ramsey 
County. Its low LAR values and low shale content 
indicate that much of it probably was eroded from 
the St. Croix moraine a few miles to the west. 



Samples from eskers a few miles southeast of the 
alluvial fan complex yielded similar low values. 

Clusters of kames and eskers occur east of 
Forest Lake in Washington County, in the North 
Oaks area in Ramsey County, in northwestern Anoka 
County, and along the buried St. Croix moraine in 
Hennepin County. These deposits are quite vari
able in thickness and quality, both vertically 
and laterally; pits opened in them commonly also 
expose glacial till and fine-grained deposits. 
Consequently, the value of such deposits is dif
ficult to estimate without abundant site-specific 
subsurface information. Most of the sand and 
gravel deposits not yet mined (table 1) are un
available to the aggregate industry because of 
urban sprawl. 

Grantsburg Sub lobe Outwash Deposits (GO) 

Three major plains of sand and gravel were 
laid down by Grantsburg sub lobe meltwater in the 
seven-county area. Two were deposited at the 

. terminus. The larger of these plains once cov
ered much of what is now Minneapolis and St. Paul 
and their immediate suburbs, but it has been 
eroded and dissected by the Mississippi River. 
The meltwater streams which laid down this plain 
coalesced in the Mendota Heights area and flowed 
southeast toward Hastings down a channel cut 
through the St. Croix moraine. The second out
wash plain was deposited by meltwater that flowed 
northeast from Hugo and east from Forest Lake in 
Washington County; these streams coalesced to 
flow into the St. Croix River north of Marine on 
St. Croix. 

The third major outwash plain, the Anoka 
sandplain, was formed as the Grantsburg sublobe 
receded to the southwest and the waters of the 
Upper Mississippi drainage basin shifted south 
with the glacier to their present outlet at north 
Minneapolis (Cooper, 1935). The Anoka sandplain 
is chiefly fine to medium sand; it was not mapped 
on Plate 1, because it lacks gravel. Outwash in 
the northwestern corner of Anoka County, which 
was laid down closer to the Grantsburg ice (and 
the St. Croix moraine), does contain gravel. 
Associated deposits in adjacent Sherburne County 
are being extensively mined north of Elk River 
(Eng and Costello, 1979). 

The mean LAR value in the seven-county area 
for Grantsburg outwash is nearly as low as that 
for Superior lobe outwash (table 2). Because 
most of the Grantsburg outwash deposits are west 
and north of near-surface Paleozoic carbonates, 
the incorporated Superior lobe drift is relative
ly free of locally derived limestone and dolomite. 
Some Grantsburg sand and gravel deposits in the 
seven-county area actually have lower average 
percentages of carbonates than Superior lobe out
wash (table 4) in Dakota and Washington Counties. 
However, the percentage of spall material is 
almost everywhere greater in Grantsburg outwash 
than in Superior outwash (table 3). In general, 
spall material content increases to the west 
within Grantsburg sub lobe outwash. 
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Des Moines Lobe Ice-Contact Deposits (DI) 

Ice-contact and outwash deposits of the Des 
Moines lobe generally yield the poores t quality 
aggregate in the seven-county area. Exceptions 
occur in Dakota and Scott Counties where Des 
Moines ice and meltwater eroded large amounts of 
material left by advances of the Superior lobe. 
Ice-contact deposits associated with the terminal 
moraine of the Des Moines lobe (fig. 1C on plate 
1), for example, are high in material from the 
northeast. They are characterized by low per
centages of spall and low LAR values. They tend 
to be quite thick, but also quite variable over 
short distances. Most are located within the 
ci ties of Burnsville and Prior Lake and are no 
longer accessible to the aggregate industry. 

The limited aggregate deposits in Scott, 
Carver, and Hennepin Counties were laid down 
within or on top of stagnant Des Moines lobe ice 
by relatively short-lived streams, and thus are 
generally thin and discontinuous, roughly linear 
bodies. Reflecting the source of the Des Moines 
ice, they contain large percentages of carbonate 
and shale particles (table 3). Many of these 
deposits have been exhausted, but a large deposit 
of sand and gravel, comparatively unexploited, is 
present in Carver County in T. 114 N., R. 24 W. 
It was laid down over stagnant ice, apparently in 
the form of a delta within the ancestral Minne
sota River Valley. 

Des Moines Lobe Outwash Deposits (DO) 

Several meltwater streams that drained the 
terminal moraine of the Des Moines lobe at the 
western boundary of Dakota County coalesced with
in the vermillion River valley at Farmington, 
flowed through a fairly narrow channel to Vermil
lion and upon merging with meltwater from the 
Grantsburg sublobe, formed a broad outwash plain 
south of Hastings. These streams eroded Superior 
lobe drift, and thus incorporated large quanti
ties of generally high-quality gravel. There
fore, Des Moines lobe outwash deposits in central 
Dakota County yield, on average, lower LAR values 
(table 2) and contain less shale (table 3) than 
other aggregate deposits associated with that 
lobe. Unfortunately many of them have high water 
tables (category lIon plate 1), which may limit 
their value as a source of aggregate. 

Outwash in the Cannon River valley in south
ern Dakota County also was 'laid down by meltwater 
draining the terminus of the Des Moines lobe. A 
high water table, generally within 20 feet of the 
surface, is typical of this deposit, but aggre
gate of fairly good quality is available in T. 
11 2 N., Rs. 1 8 and 1 9 W. 

Des Moines outwash of fair to poor quality 
was deposited by several coalescing meltwater 
streams parallel to the drainage of the present 
South Fork Crow River in northwestern Carver 
County. These deposits generally contain less 
than 20 feet of gravel, have a water table less 
than 20 feet deep, and have high LAR and spall 



values (tables 2 and 3). In Hennepin County 
along the Crow River, quality as well as thick
ness improves somewhat, although the deposit is 
basically the same. 

Smaller deposits were laid down by meltwater 
streams that flowed into the Minnesota River as 
the Des Moines ice receded. North of the river 
in the Eden Prairie area, for example, an outwash 
deposit was laid down over large blocks of stag
nant ice, which left deep pits in the outwash 
surface when they melted. '!his deposit appears 
to be gravel poor and shale rich. However, a 
smaller deposit of similar origin across the 
river southeast of Savage appears to have areas 
of good-quality gravel. 

St. Croix River Terraces (ST) 

Sand and gravel of the terraces along the St. 
Croix River are similar to Superior lobe deposits 
in lithology, and thus have low LAR values and 
low amounts of spall material '(tables 2 and 3). 
The deposi ts not yet mined are generally qui te 
thick and contain gravel of good to excellent 
quality, but more than half of them are probably 
no longer accessible because the terraces have 
been preempted for building sites and parkland. 
Several dolomite bedrock quarries are currently 
being operated in the bottom of gravel pi'ts in 
both the middle and upper terraces. 

Minnesota and Mississippi River Terraces (MT) 

Three major terraces were formed along the 
Minnesota and Mississippi Rivers by a major 
waterway draining first the receding Des Moines 
lobe and then Glacial Lake Agassiz. The Missis
sippi River above Fort Snelling at that time was 
a tributary; fluvial deposits along it in Henne
pin, Ramsey, and Anoka Counties are generally 
gravel poor. 

The highest terrace ranges in elevation from 
about 880 feet in southwestern Scott County to 
about 840 feet in northeastern Dakota County. 
Most of the available gravel in Carver County and 
a good portion in Scott County are found at this 
terrace level. The middle terrace, from an ele
vation of about 830 feet in southwestern Scott 
County to about 800 feet in southeastern Dakota 
County, and the lower terrace, from about 760 
feet in western Scott County to about 740 feet in 
southeastern Dakota County, were formed by Gla
cial River Warren, the outlet stream for Glacial 
Lake Agassiz. Most gravel deposits still avail
able for mining at these terrace levels are in 
western and northern Scott County, and south
western Washington County. 

The quality of the fluvial deposits of the 
terraces generally improves from west to east. 
This change is probably due to a combination of 
the fragmentation and removal of shale clasts by 
the river and the introduction of Lake Superior 
region rock clasts. The LAR averages are about 
the same as for the Des Moines lobe outwash 
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(table 2), probably because most data available 
were from deposits in Scott County. Shale con
tent, however, was lower than the average for Des 
Moines lobe outwash (table 3). Although the de
posits at all terrace levels are commonly capped 
by 5 to 10 feet or more of fine sand and silt, 
the thickness of the gravel beneath can often 
justify opening a pit. 

Sand and gravel deposits also occur on the 
modern floodplains of the Mississippi and St. 
Croix Rivers. They were included in the terrace 
units on Plate 1. Alluvium dredged by the U.S. 
Army Corps of Engineers may be an additional 
source of aggregate in the Twin Cities area. 

BEDROCK AGGREGATE RESOURCES 

The near-surface and exposed bedrock in the 
seven-county metropolitan area consists of sand
s tone, dolomi te, limes tone, and shale deposi ted 
in seas that covered this area during the Paleo
zoic Era, about 450 million years ago. General
ized descriptions of the formations and their 
relative stratigraphic positions are shown in the 
column on. Plate 2. For a more complete discus
sion of the structure and lithology of Paleozoic 
rocks in the Twin Cities area, see MossIer (1972 
and 1983a, b). 

The distribution of bedrock formations in the 
seven-county area results in part from the gla
cial history, but to a larger extent from bedrock 
attributes such as structural configuration and 
resistance to erosion. Generally, the layers of 
bedrock dip very gently toward the center of the 
Twin Cities, forming a dish-shaped structure 
known as the Twin Cities basin. As a result of 
this structure, younger (stratigraphically 
higher) formations occur at the surface or 
directly beneath glacial deposits toward the 
center of the basin and progressively older for
mations occur outward toward the basin periphery 
(plate 2). 

The basin structure is locally modified by 
faults and folds. The Hudson-Afton anticline in 
southeastern Washington County is a typical exam
ple of one such fold structure. It contains 
strata that were uplifted along a northeast
trending axis. Because of the uplift and sub
sequent erosion, stratigraphically lower (older) 
formations (the Franconia and st. Lawrence Forma
tions and Jordan Sandstone) occur near the axis 
of the anticline, and higher units (prairie du 
Chien Group, st. Peter Sandstone, and Platteville 
Formation) occur along the flanks. The vermil
lion anticline, in east-central Dakota County, 
causes a similar pattern with the Prairie du 
Chien Group near the axis and the younger St. 
Peter Sandstone and Platteville Formation along 
the flanks. 

The distribution of rock units is further 
complicated by erosion that occurred prior to, 
during, and after glaciation in the region. The 



once continuous sheetlike bedrock strata were 
extensively dissected by streams to produce what 
appear to be isolated blocks of rock bounded by 
deep valleys. Many of these valleys are now 
filled with glacial deposits and have no surface 
expression. 

Bedrock Formations 
Mapped as Aggregate Resources 

The principal requisites for crushed rock 
(bedrock aggregate) are (1) proximity of deposit 
to market, (2) quantity, and (3) dimensional sta
bility, including hardness, tensile strength, and 
minimal fractures and bedding planes (Schenck and 
Torries, 1975). The most desirable formations 
contain large quantities of hard, crystalline, 
thickly bedded limestone or dolomite and occur 
near land surface and near the market area. The 
Prairie du Chien Group and the more thinly bedded 
Platteville Formation locally provide most of 
these qualities. These rock units commonly occur 
as mesas and buttes, because they form caps on 
the more easily eroded sandstone and shale units. 

Several formations shown on the stratigraphic 
section (fig. on plate 2) are not potential 
aggregate source rocks. Al though the St. Law
rence Formation contains dolomite, it also con
tains appreciable amounts of silt and sand, and 
large near-surface occurrences of it are rare. 
The Jordan and st. Peter Sandstones are poorly 
cemented and tend to break down to constituent 
grains. The Decorah Shale is highly fractured 
and contains clay. 

The Prairie du Chien Group consists of thin
to thick-bedded (beds thinner than inch to 
thicker than 3 feet) dolomite, sandy dolomite, 
and sandstone. The group attains a maximum 
thickness of 280 feet in the extreme southern and 
southeastern parts of the seven-county area, but 
is typically 120 to 160 feet thick in most of the 
metropolitan area. The carbonate rocks of the 
Prairie du Chien are both highly fractured, 
breaking into small fragments, and massive, 
breaking into blocks as thick as 5 feet. Gener
ally, thick beds are more common in the lower 
part of the formation. Rocks of the Prairie du 
Chien Group cap many of the bluffs along the St. 
Croix; Minnesota, and 
their tributaries. They 
terraces adjacent to the 

Mississippi Rivers 
also occur as ridges 
major rivers. 

and 
and 

The Platteville Formation consists of thin
to thick-bedded limestone and dolomitic lime
stone. The formation has a maximum thickness of 
about 30 feet near the center of the Twin Cities 
area. It is typically fractured and breaks into 
small fragments, although some thick, less frac
tured beds occur locally. The Platteville Forma
tion is exposed on mesas in the eastern and 
southeastern parts of the seven-county area, and 
on ridges and bluffs along the Mississippi and 
Minnesota Rivers in the central metropolitan 
area. 
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The Prairie du Chien Group and the Platte
ville Formation were deposited in very widespread, 
quiet seas. Therefore, for the purpose of map
ping, their general physical characteristics are 
considered homogeneous over the area shown on 
Plate 2. Minor differences in the relative per
centages of sand, shale, and carbonate do exist 
from place to place, but subsurface data do not 
suffice to map these differences. 

The Platteville Formation is thinner and less 
widespread than the Prairie du Chien Group. 
Because of the structure of the Twin Cities 
basin, the Platteville occurs mostly in the 
central, largely developed part of the Twin 
Cities, and the Prairie du Chien occurs in less 
developed areas near the periphery. Because of 
this distribution and because the Platteville 
Formation tends to be more thinly bedded than the 
Prairie du Chien Group, the latter is likely to 
be the major bedrock unit used in the future for 
aggregate in the seven-county area. 

Where the carbonate formations occur on mesas 
and buttes, ground water typically discharges 
into a~jacent topographic lows, such as streams, 
river valleys, and bedrock valleys filled with 
glacial debris, and the upper parts of the forma
tions are dry. Where the Prairie du Chien Group 
occurs as low-lying bedrock river terraces (as in 
northern Scott and southwestern Washington Coun
ties), water levels are commonly only slightly 
above the elevation of the adjacent river. 

Quarries 

Both the Prairie du Chien Group and the 
Platteville Formation have been quarried in the 
seven-county metropoli tan area for over 100 
years. Currently active quarries produce crushed 
rock for aggregate and riprap. In most aggregate 
quarries, rock is extracted by drilling and 
blasting. The material is then loaded by power 
shovel, crushed, screened for proper size, and 
stockpiled or shipped. The locations of all 
known active and inactive quarries are shown on 
Plate 2. Quarry symbols on areas mapped as 
sandstone on Plate 2 produce sand for industrial 
purposes. The quarry operators in Minnesota as 
of 1981 are listed in Lipp (1982). 

Mapping Method and Map Explanation 

Areas where parts of the Platteville Forma
tion or Prairie du Chien Group lie within 10 feet 
of the land surface are shown on Plate 2. The 
formations are classified according to thickness 
and the quality and quantity of information used, 
i.e., (1) unpublished MGS outcrop data, (2) water 
well and soils borings data, (3) soils maps pub
lished by the u.S. Soil Conservation Service; and 
(4) topugraphic maps, which were used to estimate 
the areal extent of bedrock units. No areas were 
mapped where less than two types of information 
were available; all four types of information 
were available for areas of excellent reliabil-



ity, three types for good, and two types for fair 
reliability. Areas of excellent reliability are 
considered probable resources; those of good and 
fair reliability are possible resources. For 
example, the designation A1 on a mapped Prairie 
du Chien area indicates that the Prairie du Chien 
Group lies within 10 feet of the surface, is more 
than 30 feet thick, and occurs in an area deline
ated on the basis of four types of information; 
it is a probable resource. 

Quantity of Bedrock Aggregate Resources 

Resource estimates (table 5) are reported for 
deposits that are more than 10 feet thick (thick
ness categories A and B). An average thickness 
of 20 feet was used to estimate the volume of 
Platteville resources between 10 and 30 feet 
thick (category B). The Prairie du Chien typi
cally is thicker than the depth of most quarries. 
Therefore, an average quarry depth of 50 feet was 
used to estimate the volume of the Prairie du 
Chien where it is more than 30 feet thick (cate
gory A). 

The figures given in Table 5 are projections 
of the amounts of bedrock aggregate source rocks, 
regardless of their availability for extraction. 
About 40 percent of these resources underlie 
areas that are occupied by, or zoned for other 
uses and are therefore unavailable. The major 
areas of unavailable resources lie in the core of 
the Twin Cities. Others occur in and adjacent to 
outlying municipalities and recreational areas. 
Among recreational areas, those along the St. 
Croix River in eastern Washington County have the 
greatest impact on available resources. 

summary of Bedrock Aggregate Test Results 

The available physical and chemical test data 
for bedrock aggregate resources are summarized in 

Table 6. The locations from which samples were 
taken for testing are shown in Figure 1. The 
tests (after AASHTO, 1974) are briefly described 
in footnotes to the table. Additional analytical 
data are on file at MGS for locations H4, S3, and 
W1. These data are results of tests of compres
sive strength, Poisson's ratio, shear modulus, 
tensile strength, velocities of longitudinal bar 
and pulse, Young's modulus, ultimate strength, 
and Shore hardness. In addi tion, some chemical 
test data, including major element and oxide 
analyses, are available. 

Most of the tests were performed on benefi
ciated (processed) aggregate. Processing by 
blending and sorting can significantly alter the 
composition of aggregate and therefore test 
results may not be representative of the rock in 
the entire quarry. Many test results are a 
better indication of the processing method, than 
of the quality of the original material. In 
addition, the material represented by even the 
most recent of these tests may no longer be pres
ent in the quarry. Although aggregate of com
parable quality may be obtainable, the test 
results are only an indication of what has been 
produced in the past. Finally, analytical tests 
provide an approximate rather than absolute indi
cation of the performance of the aggregate in 
service. That performance is the ultimate test. 

CONCLUSIONS 

Most of the sand and gravel in the seven
county Twin Cities Metropolitan Area was depos
ited by two glaciers of the last or late Wiscon
sinan Glaciation. Gravel from the Lake Superior 
region is composed of resistant rock, such as 
basalt, felsite, gabbro, and graywacke, and makes 
the best quality aggregate. Deposits that origi
nated northwest of the seven-county area are less 
desirable as aggregate for some uses. 

Table 5. Estimated tonnage of bedrock aggregate resources in the 
seven-county metropolitan area (in 106 short tons) 

COUNTY PLATTEVILLE PRAIRIE DU CHIEN 
Probable Possible Probable Possible 

Anoka - - - -

Carver - - - -

Dakota 11 67 167 814 

Hennepin 54 33 - -

Ramsey 40 76 - 11 

Scott - - 148 116 

Washington 7 96 259 835 

Metro total 112 272 574 1,776 

11 



Table 6. Summary of physical and chemical test results for bedrock aggregate resource rock types in the seven-county metropolitan area 
(See Figure 1 for sample locatlonsl 

Specific gravIty: AASHTO test T 84, ASTM test C 127. The ratio of weight of rock to 
weight of an equal volume of water; the test Is used to determine the weight of aggre
gate that occupies a gIven solid volume or the volume occupied by a given weIght. 

Density: The weight of the aggregate expressed In pounds per cubIc foot. 

results are expressed In percent of fine materIal lost; therefore, larger numbers 
generally Indicate less sound materIal. The test Is used as an accelerated laboratory 
measure of the susceptIbilIty of aggregate to deterioration caused by natural freezing 
and thawing cycles. AI I data are converted to comply wIth AASHTO test T 104-68. 

Insoluble residue: The materIal that remaIns after solution of a rock sample In hydro
chlorIc acId. ResIdue typIcally consists of silIca (sand, sIlt), chert, shale, and 
organIc materIal. Some of these materials are consIdered deleterIous for certain 
aggregate uses. 

Absorption: AASHTO test T 84, ASTM test C 127. The amount of water that a unIt volume of 
solid rock that makes up the aggregate can absorb, expressed In percent of total 
weight, Is an approximate measure of the porosity and permeability of the aggregate. 

Mg/Ca ratIo: MagnesIum/calcIum ratio; provIded for general Information only. 
Formation: Opv, Platteville FormatIon; Opc, PraIrie du ChIen Group. 

LAR: Los Angeles Rattler, AASHTO test T 96, ASTM test C 131. A measure of resIstance to 
abrasion (as described on page 2). The values are expressed as percent loss, and 
therefore larger numbers IndIcate less resIstIve aggregate. 

MgS04 test: AASHTO test T 104, ASTM test C 86. Repeated cycles of ImmersIon In magnesium 
sulfate and drying cause rock to weaken as salt crystals expand In pore spaces. The 

Source of data: 1, MnDOT TestIng Laboratory fIle data; 2, Parham, W.E., 1974, Minnesota 
Geological Survey fIle report; 3, U.S. Army Corps of EngIneers fIle data. 

SPEC I F IC ffiAVITY DENSITY ABSORPTION LAR 
___ ~~~~~~~ ____________ ~~~~~~~~ __ ~~~~~~~-:~~~~~:-~;;~~~M9~S~0~4~T~E:5:T~~~~:; __ ~~~::~~~~~ __ ~~~:-~~~FOR_ MA-

TION Avg MIn Max Avg 
Num
ber ' 

Avg 
Num
ber ' 

Min Max Avg MIn MIn Max 

INSOLUBLE RESIDUE 

Num
Max ber 1 Avg MIn 

Num
Max ber 1 

Num
ber ' 

Avg Min Max 

Mg/Ca RATIO 

Avg MI n Max Num
ber ' 

DAKOTA COUNTY 
D 1 2.66 (1) 

D2 156 151 156 
D3 2.73 (1) 171 
D4 
D5 159 

HENNEP I N COUNTY 
HI 
H2 
H3 
H4 

157 
2.62 2.38 2.84 (22) 158 

163 

H5 
H6 

RAMSEY COUNTY 
Rl 
R2 
R3 2.59 2.54 2.63 (3) 
R4 

SCOTT COUNTY 

165 
160 

S 154 
51 2.64 (1) 
S2 2.66 (1) 
53 
S4 
S5 2.58 2.46 2.70 (6) 

WASHINGTON COUNTY 
WI 
W2 
W3 
W4 

W5 

2.58 (1) 
2.55 2.45 2.60 (3) 
2.46 2.35 2.51 (3) 

W6 2.63 2.56 2.73 (45) 
METRO AVERA<;ES 
PLATTEVILLE 38 2 64 (26) 161 2. 62 2. • 
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Figure 1. Locations from which the bedrock sam
ples were taken for the physical and chemical 
analyses reported in Table 6. The locations 
for which additional data, as described on 
page 11, are available are H4, S3, and W1. 

Of the estimated 4 billion short tons of sand 
and gravel aggregate in glacial deposits in the 
seven-county area, at least 30 percent is una
vailable for mining because of land-use con
straints. However, a large quantity of sand and 
gravel of generally excellent quality is still 
available in the Superior lobe outwash deposits 
in Dakota and Washington Counties. 

Rocks of the Prairie du Chien Group and 
Platteville Formation can be quarried and crushed 
to make good-quality aggregate. They contain 
hard, finely crystalline limestone and dolomite 
and locally occur at or near the land surface in 
the seven-county metropolitan area. of the esti
mated 2.7 billion short tons of potential bedrock 
aggregate, about 40 percent is not available for 
extraction because of land-use constraints. 
Because of location--in eastern and southern 
Washington County, the eastern half of Dakota 
County, and extreme northern Scott County--and 
thicker bedding, the Prairie du Chien Group is 
likely to be the major bedrock aggregate source 
in the area in the future. 

ACKNOWLEDGMENTS 

Bruce Bloomgren of the Minnesota Geological 
Survey compiled and interpreted a large part of 
the geologic and engineering test data presented 
in the study. Timothy Wahl and Richard Holtzman 
wrote and operated the computer programs which 

13 

generated the resource estimates in this report. 
Daryl Morey, James Dalsin, and Barbara Palen 
digitized data into the computer. Several opera
tors and consultants in the aggregate industry, 
as well as officials of the Minerals Division of 
the Minnesota Department of Natural Resources and 
the Materials Division of the Minnesota Depart
ment of Transportation (MnDOT), provided advice 
that aided in the establishment of mapping cri
teria. MnDOT provided pit sheets for active and 
inactive gravel pits which included borings, 
sieve analyses, compositional data, and quality 
tests. The study was partially funded by the 
Twin Cities Metropolitan Council. 

REFERENCES CITED 

American Association of State Highway and Trans
portation Officials (AASHTO), 1974, Standard 
specifications for transportation material 
(Part 1), and Methods of sampling and testing 
(Part 2): 11th edition, National Press, 
Washington, D.C., Part 1: 685 p., Part 2: 
962 p. 

Chamberlain, L.M., 1977, Soil survey of Anoka 
County, Minnesota: U.S. Department of 
Agriculture, Soil Conservation Service, 92 p. 

Cooper, W. s. , 1935, The history of the upper 
Mississippi River in Late Wisconsin and 
postglacial time: Minnesota Geological 
Survey Bulletin 26, 116 p. 

Edwards, R.J., 1968, Soil Survey of Carver 
County, Minnesota: U.S. Department of 
Agriculture, Soil Conservation Service, 88 p. 

Eng, M.T., and Costello, M.J., 1979, Industrial 
minerals in Minnesota--a status report on 
sand, gravel, and crushed rock: Minnesota 
Department of Natural Resources, Division of 
Minerals, 76 p. 

Gelineau, W.J., 1959, Pleistocene geology of the 
Inver Grove and st. Paul southwest quadran
gles, Minnesota: Unpublished M.S. thesis, 
University of Minnesota, 77 p. 

Harms, G.F., 1959, Soil survey of Scott County, 
Minnesota: U.S. Department of Agriculture, 
Soil Conservation Service, 93 p. 

Hoagberg, R.K., and Rajaram, V., 1980, Minnesota 
aggregate resources study for Local Road 
Research Board Investigation ~o. 652: Ernest 
K. Lehmann & Associates. volume I: Execu
tive Summary, 9 p. Volume II: Report, 179 p. 

Hundley, S.J., 1983, Soil survey of Dakota County, 
Minnesota: U.s. Department of Agriculture, 
Soil Conservation Service, 272 p. 

Lipp, R.J., 1982, Minnesota industrial minerals 
directory, 1981: Mineral Resources Research 
Center, University of Minnesota, 39 p. 



Lueth, R.A., 1974, Soil survey of Hennepin 
County, Minnesota: U.S. Department of Agri
culture, Soil Conservation Service, 159 p. 

Matsch, C .L., 
St. Paul 
Unpublished 
sota, 49 p. 

1962, 
Park 
M.S. 

Pleistocene geology of the 
and Prescott quadrangles: 
thesis, University of Minne-

MossIer, J.H., 1972, Paleozoic structure and 
stratigraphy of the Twin City region: in 
Sims, P.K., and Morey, G.B., eds., Geology of 
Minnesota: A centennial volume: Minnesota 
Geological Survey, p. 485-497. 

____ 1983a, Paleozoic lithostratigraphy of south
eastern Minnesota: Minnesota Geological Sur
vey Miscellaneous Map M-51 , 8 plates, scale 
1 :500,000. 

___ 1983b, Bedrock topography and isopachs of 
Pre-Cretaceous and Quaternary strata, east
central and southeastern Minnesota: Minne
sota Geological Survey Miscellaneous Map 
M-52, 2 plates, scale 1:500,000. 

Ruhe, R.V., and Gould, L.M., 1954, Glacial 
geology of the Dakota County area, Minnesota: 
Geological Society of America Bulletin, v. 
65, p. 769-792. 

savina, M., Jacobson, R., and Rodgers, D., 1979, 
Outwash deposits of central Dakota County, 
Minnesota: Minnesota Geological Survey file 
report, 81 p. 

14 

Schenck, G.H.K., and Torries, T.P., 1975, Crushed 
stone, in Lefond, S.J., ed., Industrial min
e rals and rocks, 4th edi tion: New York, 
American Institute of Mining, Metallurgical, 
and Petroleum Engineers, p. 66-84. 

Schenk, C., and Jouseau, M., 1983, Aggregate 
resources in the Twin Cities Metropolitan 
Area: Metropolitan Council of the Twin 
Cities Area Publication 10-83-019, 100 p., 2 
plates. 

Stone, J .E., 1966, Surficial geology of the New 
Brighton quadrangle, Minnesota: Minnesota 
Geological Survey, Geologic Map series GM-2, 
34 p. 

U.S. Bureau of Mines and U.S. Geological Survey, 
1980, Principles of a resource/reserve class
ification for minerals: U.S. Geological Sur
vey Circular 831, 5 p. 

Vinar, K.R., 1980, Soil survey of Washington and 
Ramsey Counties, Minnesota: U.S. Department 
of Agriculture, Soil Conservation Service, 
246 'p. 

Wright, H. E., Jr., 1972, Quaternary history of 
Minnesota: in Sims, P.K., and Morey, G.B., 
eds. , Geology of Minnesota: A centennial 
volume: Minnesota Geological Survey, p. 
515-547. 



APPENDIX 

SOURCES OF DATA 

Source 

Anoka County Highway Department 

Carver County Zoning Administrator 

City of Maplewood 
Department of Public Works 

Engineering Division 

City of Minneapolis 
Department of Public Works 

Sewer Planning and Design 

Inspection Department 

City of Roseville 
Department of Public Works 

Engineering Division 

City of St. Paul 
Department of Community Services 

Division of Environmental Protection 
Housing and Building Code Enforcement 

Division 
Housing and Redevelopment Authority 

Port Authority 

Department of Public Works 
Engineering Division 
Public School System 

Dakota County Highway Department 

Hennepin County Bureau of Public Services 

Metropolitan Airports Commission 

Metropolitan Waste Control Commission 

Municipal Water Departments 

Ramsey County Highway Department 

Scott County Highway Department 
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Type (and amount) of Data 

County Highway map showing old 
sand and gravel pit locations 
(no borings logs) 

County Highway Map with pit 
locations (no borings logs) 

Test borings logs (2,500) for major 
city projects; detailed with some 
analyses 

Schematic diagrams (5,000) of soil 
and bedrock encountered during 
investigations and installation of 
sewers (no test borings or analyses) 
Test borings (4,000) for building 
projects; detailed logs, some anal
yses 

Test borings (400); detailed logs 
some analyses. 

Test borings ( 175) detailed logs, 
some analyses 
Test borings (700) , detailed logs, 
some analyses 
Test borings (825), detailed logs, 
some analyses 

Test borings (300), detailed logs, 
some analyses 

Location of only active pit, no borings 

Location of all major gravel produc
ers in Hennepin Co., no borings 

Test borings, detailed logs, some 
analyses 

Water well and test borings logs 
(1,000), detailed, some analyses 

Water well logs (in MGS files) 

Test borings (500), detailed logs, 
some analyses 

Location of active gravel pits, no 
borings 



State of Minnesota 
Administrative Department 

Architectural and Engineering Division 

Department of Natural Resources 
Division of Waters 

Department of Transportation 
Office of Materials Engineering 

Department of Health 
Division of Environmental Health 

University of Minnesota 
Minnesota Geological Survey 

United States Army Corps of Engineers 

United States Bureau of Mines 

United States Geological Survey 

Washington County Highway Department 

Water-Well Drillers of Minnesota 
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Test borings (600), detailed logs, 
some analyses 

Water well logs (in MGS files) 

Sand and gravel pit sheets (324) 
of active and inactive pits, test 
borings (4,500), detailed logs, some 
analyses 

Water well logs (in MGS files) 

Water well logs (10,OOO) 

Analytical test results 

Test borings (1,500), detailed logs, 
some analyses 

Water well logs (in MGS files) 

County highway map with location of 
active and inactive pits and quarries 

Water well logs (in MGS files) 
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